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ABSTRACT

This report covers RF path loss measurements near Fort Monmouth, N.J.,
over distances of up to 10 miles and at low $razing angles. Four frequencies
were used during these tests, three in the UHF region and one just below it.
Measurements were made with antennas vertically, horizontally, and circularly
polarized. Paths were varied from non-line-of-sight to definitely line-of-
sight. Comparison of losses under varying conditions were *ade and graphs for
estimating losses in the area covered by these tests are included.
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1. BACKGROUND

The Avionics Laboratory of the U. S. Army Electronics Command is investi-
gating the feasibility and the technology necessary for applying time
ordered techniques to multifunction avionics and ground equipment for tactical
use. As presently envisioned, the RF frequencies in such a system will be in
the high end of the VHF band or in the UHF band. Much of the transmission in
such a system would be at very low grazing angles where the transmission path
can vary from line-of-sight to non-line-of-sight. If line-of-sight does not
exist, the kF signal is subjected to many factors which degrade it. Even if
line-of-sight exists, multipath can cause signal distortion and variation. In
order to obtain meaningful data concerning the propagation losses which will
be encountered in such a system, a series of experiments were conducted to
determine the extent of the signal losses when transmitting in an environment
typical of the anticipated multifunction system, namely low grazing angles and
natural and man-made obstructions.

2. INTRODUCTION AND OBJECTIVE

This report describes a series of propagation path loss tests to measure
path losses at low grazing angles in the 225 to 2,300 MHz range. Path loss is
the signal attenuation expressed as the ratio of the received power to the
transmitted power. It can be expressed as a number, but is usually expressed
as transmission loss in dB. The path loss is dependent on such factors as --

a. the distance between the transmitter and receiver;

b. the carrier frequency;

c. the signal absorption factors due to the environment;

d. the multipathing contributions which can either reinforce or reduce
the received signal;

e. diffraction losses in paths which are marginally line of sight, and;

f. depolarization.

To be useable, the amplitude of the received signal must be large enough
to provide an adequate margin over competing signal interference and noise.
In geueral, the transmitted power required varies with the square of the dis-
tance between the transmitter and the receiver and also as the square of the
ratio of the carrier frequencies.

The tests described in this report were conducted specific.lly to obtain
input data for the Micro Navigation and Position Locating System (MNPLS).
Since MNPLS has to be effective in any azimuth, the allowable means for in-
creasing both the transmitting and receiving antenna gains are restricted to
those procedures which entail vertical stacking. Such vertically stacked ar-
rays concentrate the RY energy into a narrower vertical angle, thereby in-
creasing the gain in the horizontal direction and decreasing the vertical
coverage. The effects of the propagation path, however, can only be known in
general, but not in detail, since the effects of the terrain, buildings, and
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foliage that account for multipathing, signal absorption and scattering, dif-
fraction, and depolarization cannot be determined exactly or easily separated.
Even though these effects usually cannot be isolated from each other, an accum-
ulated record of path losses can provide a practical range of path losses for
which an operable system has to compensate. The tests described in this re-
port were conducted to measure these effects in order to establish some guide-
lines for future systems design.

3. TEST PROCEDURE

All tests covered by this report were conducted between the Hexagon
Building at Fort Mormouth and remote sites. The receiving antenna was always
located on the roof of the Hexagon. The transmitter was located at various
remote sites within a radius of less than 10 miles from the receiving site.
All equipment, antennas, and cables were carefully calibrated for gain or
attenuation so that the path loss could be accurately calculated from the
transmitted and received power. At the transmitter site, the frequency and
power output were continuously monitored and recorded. At the receiving site,
received signal strength and transmitting antenna height were recorded on a
strip chart recorder. Meteorological data and other pertinent data were re-
corded. Sample antenna and cable data, meteorological data, and a test sched-
ule are shown in Tables I, I, and Ill. Figure 1 is a map of the area show-
ing the receiving site and the various transmitting sites.

Three types of antenna supports were used at the transmitting sl.t. At
site 19B, there was a permanent 85-foot high tower with a track on its side
on which an antenna could be run up and down. At Mormouth Country Airport,
site 5, a seipermanently installed crank-up tower was used, the maximum height
of which was 88 feet. The third support was a portable crank-up mast with a
maximum height of 33 feet. This crank-up mast could be set .p at any of the
sites.

The transmitter and all other equipmentm required at the tranamitto-r
site were contained in a truck-wounted shelter. The truck was driven to the

various transmitting sites and the RP transmitter was connected either to the
permanently emplaced antenna system at a particular site or to a portable one.
Tests were conducted with various types of antennas and various polarizaticns.

A typical test run consisted of elevating the antenna from the lowest
height obtainable with the mast being used, up to the highest possible height
and then lowering it again. In some of th, -ests, the maximum height had to
be limited due to high winds. During thi, vation cycle the transmitter was
kept at constant power and the received s strength was recorded as a
function of transmitting antenna height. ample recording taken at the re-
ceiver is shown in Figure 2. Table IV shows a typical data reduction table.
The values of received signal strength are read off the strip chart and tabu-
lated with accompanying transmitting antenna heights. These values are then
algebraically combined with transmitted power, antenna gains, and cable losses
to arrive at the path loss (para 7). Most test runs were repeated two or
three times, and the final tabulated path loss value was, at each height, an
average of the individual. path loss values. This average value was then plot-
ted, as shown on the sample plot in Figure 3.

2
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Table 1. Antenna and Cable Data

FREQUENCY: 229.5 MHz

ANTENNA CABLE

TYPE' GAIN 1 YPE LENGTH LOSS
dB FT. dB

" 100 1.4
AT-1971 130 1.8

100 0.32

T-29 8:0 RG-319A/U 130 0.2

EKr~o 3101 " 3.8 RG-58C/U 100 9.0

100 2.0
FSJh ISO 3.0

FREQUENCY: 371.4 MHz

FHJ.150 100 1.8
AT-197 -. 0 130 2.3

T-21 R. G-319A/U 00.
8.0 130 0.52

EMCO 3101 6.1 RG-58C/U 100 13.0

FSJ 100

I 1 150 3.9

FREQUENCY: 1545 i~Hz

1 00 - 4.1.
AEL Horn 14.4 FHJ1..50 130 5.7

Anjrew Discore 2.5 RG-319A/U 130 1.2

Andrew B1conical 0.3 RG-5C/U 100 29.0

: 102 0.4 F_ _ __ _ 00 6.5

EFCO 1- S, 9.75

FREQUENCY: 2290 MHz

AZL Horn 16.6 0HJ050 1O0 5.2

130 6.8

Andrew 0iscon. 1.3 RG'3IIA/U 100 1.3

130 1.6

AnrwBcncl 07 RG-58C/U 100 36.0

FSAr I Bo0 12.75

FHJ4-SO
RG-319A/UJ Hellax

FSJ4 Superflex

I
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Table III. Teast Schedule

Frequeney No. of Transmitting
Date (MH&) site Runs Antenna

24 Jan 72 1545 MCA 5 3 AEL Horn
25 Jan 72 1545 MCA 5 1 AEL Horn
27 Jan 72 1545 MCA 5 4 AEL Horn
27 Jan 72 371.4 MCA 5 2 AT- 197
28 Jan 72 229.5 MCA 5 1 AT-197
28 Jan 72 371.4 MCA 5 1 AT-197

28 Jan 72 1545 MCA 5 1 AEL Horn
31 Jan 72 1545 Highlands 21 3 AEL Horn
31 Jan 72 1545 Highlands 21 2 Andrews Discone
1 Feb 72 371.4 Highlands 21 3 AT-197
I Feb 72 229.5 Highlands 21 2 AT-197
I Feb 72 1545 Highlands 21 1 AEL iorn
I Feb 72 2290 Highlands 21 2 AEL Horn
7 Feb 72 229.5 Wayside 19 2 AT-197
7 Feb 72 371.4 Wayside 19 2 AT-197
7 Feb 72 1545 Wayside 19 3 Andrews Discone
8 Feb 72 1545 Wayside 19 2 AEL Horn
8 Feb 72 1545 Wayside 19 2 Andrews Discone
8 Feb 72 1545 Wayside 19B 3 AEL Horn
9 Feb 72 371.4 Wayside 19B 2 AT-197
9 Feb 72 1545 Wayside 1911 2 AEL Horn
9 Feb 72 1545 Wayside 19B 3 AEL Horn (Hort. Pol.)
14 Feb 72 371.4 Wayside 19B 3 T-29 (Vert. PoI.I
14 Feb 72 371.4 Wayside 19B 2 T-29 (Hortz. Pol.)
14 Feb 72 229.5 Wayside 193 2 T-29 (Vert. Pol.)
14 Fob 72 229.6 Wayside 19D 2 T-29 (Horiz. Pol.)
16 Feb 72 371.4 Wayside 19B 2 Emcv 3101 (CircularP,)
16 Feb-72 229.5 Wayside 19B 3 Emco 3101 (Circular P.)
16 Feb 72 1545 Wayside 191B 3 Emoo 3102 (Circular P.)
17 Feb 72 1545 Wayside 9 3 AEL Horn
17 Feb 72 1545 Wayside 9 2 Andrews Discone
18 l'eb 72 1545 Wayside 9 2 AEL Horn
18 Feb 72 1545 Wayside 9 2 Andrew* Discone
18 Feb 72 371.4 Wayside 9 2 AT-107
18 Feb 72 229.5 Wayside 9 3 AT-107
10 Mar 72 371.4 Wayside 19 4 AT-197
10 Mar 72 371.4 Wayside 19B 2 AT-197

10 Mar 72 371.4 Wayside 1913 2 Emco-3101 (Cire. Pol.)
10 Mar 72 229.5 Wayside 19B 2 Emco-3101 lCirc'Pol.)
10 Mar 72 229.5 Wayside 19B 1 T-29 (Vert. Pol.)
10 Mar 72 229.5 Wayside 19H 1 T-29 (H1oriz. Pol.)

10 Mar 72 371.4 Wayside 19B 1 T-29 (Horiz. Pol.)
10 Mar 72 371.4 Wayside 19B 1 T-29 (Vert. Pol.)
13 Mar 72 1545 Wayside 19 2 AEL Horn
13 Mar 72 1545 Wayside 19 2 Andrews Discone
13 Mar 72 1545 Wayside 19B 2 AEI, Horn
13 Mar 72 1545 Wayside 19B 2 AEL Horn (Hcriz. Pol.)
I3 Mar 72 1545 Wayside t9B I Emeo-3102 (Circ, Pol.)
14 Mar 72 371.4 Wayside 9 2 AT-197
14 Mar 72 229.5 Wayside 9 2 AT-197
14 Mar 72 1545 Wayside 9 2 Andrew$ Discone
14 Mar 72 1545 Wayside 9 2 ArL Horn

15x
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Figure 1. Map of the Test Area
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4. iJCIII EQUIMWKN

An Airborne Instruments Laboratory (AIL) Model 707 Spectrum Analyzer was
used as the receiver for these tests. The output of this analyrer is a dc
voltage proportional (in dB) to the input signal strength. The receiving an-
tenna was connected to the spectrum analyser through a low loss cable for tests
at the lower frequencies, and through a low loss cable and a 20-dB preamplifier
at the higher frequencies. The output of the spectrum analyzer was recorded on
a strip chart recorder and pertinent data was annotated on the strip chart.

An accurately calibrated source of RI was used to calibrate the receiving
setup. This RF source was substituted for the antenna during the calibration
procedure. All other connections were unchanged (Figure 4). In this manner,
the entire receiver setup was calibrated since the signal from the calibrating
source passed through the identical path as the received signal from the an-
tenna. To calibrate a strip chart, several calibrated levels of RF were fed
into the receiving setup and recorded on the strip chart. On the strip chart,
each level was marked with its corresponding signal level which was then used
as the standard in reducing the data (Figure 2).

5. TRANSMITTING EQUIPMENT

The transmitter and the RF power and frequency monitoring equipment were
installed in an S-280 shelter which was 'aotnted on a M-35 military truck (Fig-
ure 5). The transmitter power oscillator was a MICRODOT Model 445. This power
oscillator, when used in conjunction with several plug-in modules, provided a
CW RF source continuously variable between 2 and 2,500 MHz, with a power output
as high as 50 watts.

The RF power output from the transmitter was continuously monitored with
a BIRD THRULINE Model 43 WATTMETER, which could also be used to measure re-
flected power to check for cable or antenna malfunctions. A SYSTRON DONNER
Model i037 Frequency Counter was used to monitor the RF frequency. The binary
coded decimal (BCD) output from this frequency counter was fed to a HEWLETT

PACKARD D/A CONVERTER Model R50562A, whose output was plotted on one channel
of a BRUSH MARlIK 220 strip chart recorder. The output of the thruline wattmeter
was recorded on the second channel of the strip chart recorder (Figure 6).
Thus, there was a continuous record of transmitter power output and frequency.

6. TRANSMITTING SITES

The mobile transmitter was located at many different sites for these tests.
These sites included areas where permanent or semipermanent antennas were in-
stalled, as wall as places where the portable antenna mast was used. This sec-
tion contains brief descriptions of these sites, the physical environment in
the vic.1nity of the antenna which could affect propagation, and terrain pro-
files for the sight line. The sight line is defined as an imaginary straight
line from the transmitting antenna to the receiving antenna. The locations of
most of the various transmitting sites are also shown on the map in Figure 1.

10
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a. AEL, Mornuth Country Airport Sitq5

Site 5 (Figure 7 and 8) is located a 20-foot Pirke trees. The sight

; ine is through this wooded area for 150 feet to a clear area, then 500 feet
over a downward slope in the direction of the receiver location. To the right
of the sight line, at 45 degrees, 130 feet away, there is a metal hanger the
side of which runs +30 degrees relativ, to the sight line.

Figure 7. AlL, Moamouth County Airport Site 5
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b. Wayside Site 9.

Site 9 (Figures 9 and VD~) is l.ocaede in a gie sered field, In line
vwith the receiving site is a askellow 5wf oot vise. A MWta 6SWO ventilator,j2 f eat high by 3 fast in difasetw U loasted 70 Lest tim tU tvuitter, Be-yond the ventilator. at 150 feato ther# is & pine tgg$ 20 feet tell. Three-
hundred feet away there ane sdditioaal tre699 20 feet ip Weigt. 10 the leftof the eight line at an eagle of 15 deguw ad a dISOMe of 300 too% Itas thetransmitter, there is a pole 40 feet tall with eable leadig to three buldise
b eyorid.

Figure 9. Wayside Site 9
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c. Wayside Site VA.

Site 9A (Figures 11 and 12) Is located among 30-foot tall trees with ap-
proximately 6-inch diameter trunks. In line with the receiving site is a 130
foot stretch of wooded area, a dirt road, and 400 feet of gradually rising,grassy fields, bordered on the far s~ie by trees 20 feet tall. At a distance
of 300 feet from the transmitter, in line with the receiving site is a metal
screen ventilator, 2 feet high, 3 feet in diameter. The terrain profile chart
for this site is the same as for site 9 since it is located in the woods just
a few feet from site 9.

• .1

iI

Figure 11. Wayside Site 9A
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d. Wayside Site 10.

Site 10 (Figures 13 and 14) is located in a heavily weeded fi.u1d. A guy i
wire crosses the Bight line at a distance of 70 feet from the transmitter.
Thez-. are two metal oheds, located 100 feet and 200 feet, respectively, from
the transmitter. In addition, three wires 60 feet high cross the sight line
100 feet and again 275 feet from the transmitter. Three-hundred twenty-five
-feet from the transmitter, the sight line passes through a hea',ily wooded area.

42'.

Figure 13. Wayside Site 10
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e. ,ayside Site 14.

Site 14 (Figures 15 and 16) is located in the middle of a 15-foot wide
stream which runs perpendicular to the sight line. There is an upward slope
along the eight line rising to a level 15 feet above the transmitter site.
The crest of this rise is 30 feet from the transmitter site. There are 15-foot
tress on top of this rise. One-hundred feet from the transmitter are four 40-
foot trees, then brush for 200 feet, and woods of 30-foot trees, all on a plane
15 feet above site 14.

('AI
I

Figure 15. Wayside Site 14
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Site 19 (Figuree 17 and 10) to located in a haeviky weeded field. In line
with the receiver site, 340 feset f ram the transmitter, Ls a large van beyond
which there is a forest of trees 40-feet tall, one-half mile further along the
e ight line and perpendicular to It there are three large power cables suspended
from metal towers 60 feet in height. -Thirty faht to the left of the van is a
second van, and at 40 and 60 feet, respectively, to the loft of this van there
are two 45-feet high towers. Thirty degrees to the rt-Wat, and 100 feet *way
from the transmitter site 19, there are two met.' b~uts. 15 feet high, 20 feset in
diameter. Six hundred feet from the transmitter there is a ground plane, 300

-- feet in diameter with a 40-foot pole located- at its center. -

Figure 17. Wayside Site 19
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Wnsde ite 9 B.

Site 19B (Figure 19) is located &top an 63wfoot tow which is 45 feet be-
hind site 19 and 40 feet to the right, thereby placing sits 19 obstacles 40
feet to the left of the receiver sight lint. The receiver site is visible,
through the power lines, which cross the sight lines approimately 1,9 miles
f rom the transmitter sits.

Figure 19. Wayside Sits 191
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h. Evans Area "F" Site 20.

Transmitter site 20 (Figures 20 and 21) is located in a vine covered field.
In line with the eight path are five 15-foot high cables and a row of trees 20
feet tall, running diagonally from 20 feet to the right of the transmitter
site to a point 20 feet to the left of the sight line and 120 feet away from
the transmitter site. There is a 40-foot high pole at that point. The afore-
mentioned cables and line of trees cross the sight line 60 feet from the trans-
mitter site. Along the sight line, 120 feet from the transmitter, is a road
running approximately perpendicular to the sight line. There are 40-foot tall
poles on both sides of this road. The poles support cables at the 30- and 40-
foot levels. Two-hundred and twenty feet along the sight line, there is a
dual road that runs off 45 degrees to the right of the sight line. Cyclone
fence, on both sides of the depressed road, is in close proximity to the sight
line at points 220 and 400 feet from the transmitter site. Beyond the farther
fence, there are trees 40 feet tall located on a downward slope.

L1

* .

Figure 20. EvaIns Area "F" Site 20
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7. SA1PLE DATA

This paragraph contains a complete sample data run and data reduction in
c.rder to illustrate the procedures u805 and to enable the reader to better in-
Lerpret the data contained in paragraph& 8°and 9. The examples are excerpts
from the tests conducted on February 9, 1972.

Figure 22 is a ample of the test condition log, which is generally self-
explanatory. Tests were normally conducted with vertical polartzation on both
the transmit and receive ends, unless otherwise noted. This log sheet indi-
cated that test runs 720209-01 and 720209-02 were done with vertical polariza-
tion, 4a. that in run 720209-03, horizontal polarization was used in the trans-
mitting antenna. The receiving antenna was always vertically polarized.

Figures 23 and 24 are full-size reproductions of the strip chart recording
of run 720209-02. It shows that the run was started at 1350 hours, the AEL
horn antenna was used, and the frequency was 1,545 MHz. The wind was from 270
degrees at 2 knots, gusting to 8 knots. The lower section of the strip chart
has the calibration marks on it, showing the -80, -90, -100, and -100 dB lev-
els. The wiggly line is the recorded signal strength and the annotations on
the upper section show the height of the transmitting antenna. The notation
10 dB ATT between 8 and 30 feet indicates the signal was attenuated 10 dB. In
order to place the trace into the most linear section of the recording equip-
ment, attenuation was added whenever the signal strength was of such a magni-
tude that it would cause the trace to fall near the edge of the recording.
During the portion of the test run between 30 and 65 feet, 20 dB of attenuation
was added. Obviously, these attenuation values have to be added to the signal
strength read from the graph. The test ended at 1,400 hours, as indicated,
and the equipment was recalibrated at the end of the test to assure us that
nothing had drifted-,sufficiently to invalidate the data.

Figure 25 -shows a Test Data Sheet, which is used for establishing path
losses with the data from the strip chart recording. As shown in the sectionon the upper right of this 'sheet, the equivalent system (input) power is a
function of the transmitted power, the antenna gains, and cable losses. The
received signal strength is scaled off the strip chart recording and logged in
the RCVD PWR column as a function of transmitting antenna height above ground.
This particular test data sheet shows the data from two consecutive runs. It
should be noted that the received power in dBm was always negative, but for
simplicity's sake, the negative signs were omitted on these sheets. The path
loss for each test is shown in the next two columns, and the average path loss
for each transmitting antenna height together with the number of samples this
average is based on, is shown in the last two columns.

Figure 26 is a plot of the average path losses found in test runs 720209-
01 and -02, as determined on the test data sheet. The free space loss between
the transmitting and receiving stations is also shown. This lets oue determine
the additional path loss, above that of free space, caused by the physical en-
vironment through which the signal is propagated.

29
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7

TEST SET-UP AND CONDITIONS

DATE: 9 k7/6"Rhk'-Y" 71 TYPE OF TEST: RANGING,
PATH LOSS-

CONDITION TEST RUN TEST RUN TEST RUN
S/N SA S/

__________ 7 . oY-/ 72ot -c 7 Z 9/ 2 OIN
TRANSMITTER

OPER. FREQ. _ .r " / fH

SITE LOCATION ri 'Y,5,,. a-A a iRYIJDE /9

ANTENNA TYPE e"A/, lOO _ ,EL. M d .l,. /

POW.ER (M~) 444- 4

ANTENNA GAIN (d) 4/4 1,

CABLE TYPE i, - 4" F -- _ _ _ _"

a) LENGTH (FT) /29 / "

RICEIVER

ANTENNA TYPE Cf, It -" 4 A' b .. A J -. idNb W

ANTENNA GAIN (dB) o,3 ____,,___. _

CABLE TYP'. .R4 17 Rc1/ /,. : /_'./U

() LENGTH (IT) /3- / .0 _ .. _ _

W/ LO , (dill , V 2 G 2 1. 2

7's m',v ,4 cwR'g~qe~f: fu/72o.~a3 OPE RATORS :~ & _______&XTR.

Fir1zra 22. Typical Test Sheet
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PROPAGATION PATH LOSS
DATE: 59'Qbeu Y72- TEST PUN SIN I ZZOZo9-o-oZ
PATH: 012Y 1 -/ A A6, 19,8 70- C lACK0 2n-

OPER. FREQ.: /v'4v'MEZ

I I - eS

• - ,,0"- -4
00110 ____

I -0

ISO

?a0-0- I I i "10'*1 i ___

ITO1 ! . t ___ I __ _ __ _ _ _

IIII ~ ll~l~ l~ illU l lWil IIIL III I I

ANTENNA HEIGHT FT. ABOVE GROUND

Figure 26. Propagation Path Lose Gvaph
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8. TEST RESULTS

This paragraph contains the reduced data from the tests (refer to the
Appendix). The raw data is not included in this report since it would un-
necessarily add to the bulk. The results of each set of tests are shown in
tabulated and graphical formats. The explanation of how this reduced data
was obtained is given in the "Sample Data," paragraph 7.

Table V lists the distribution and cumulative distribution of the maxi-
mum path losses obtained during the 1972 tests. Only three of the four fre-
quencies used in the test are shown since there was insufficient data at the
highest frequency. This data was obtained over the various paths between the
receiver at the Hexagon Building, Fort Monmouth, and the transmitting stations,
none of which were more than 10 miles from the receiver. It should be noted
here that the maximum path loss did not always occur at the lowest antenna
height. The table shows the number of tests in which particular maximum los-
ses were observed, the cumulative total as the losses get larger and larger,
and the percentage of the total number of observations that these cuoulative
totals represent. This data is plotted on Figures 27 and 28.

Figure 27 shows the distribution of the maximum path losses. It can be
seen that as the frequency is increased, the path losses increase. The cumula-
tive distribution plot, Figure 28, shows the percentage of path loss which
does not exceed a given loss, as a function af antenna height and frequency.
For example, at 1,545 MHz, 96 percent of the transmissions had a path loss of
151 dB or less, regardless of antenna height, obstructions, atmospheric con-
ditions, etc. (without our 10-mile test radius of course).

The graphs on the following pages are combinations of various plots se-
lected from the reduced data in the Appendix. These graphs were prepared to
allow comparative analysis of typical test runs ana contain such combinations
as different days and seasons at the same location and the same frequency,
different frequencies at the same location, different antennas at the same lo-
cation and same frequency, and different polarizations over the same path un-
der identical test conditions.
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940

1301

05 20 40 60so10
PERCENTAGE OF SAMPLES HAVING A SHOWN

MAXIMUM PATH LOSS OR LESS

Figure 27. Propagation Path Lose 1,545 MHz
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a. 229.5 MsIi -sjma ?lots jzrmnl It thmah 32)

Wayeide Site No. 9 to g= estao 1.61 mLla

Oper. Freq, 229.5 Mo, Ant. Types AT-197

See deseription of lits 9 for detsals - Ieygsad liae-f-light md bloeked by tie vithauc leaiw
except for pine.

lB eb. 1972 . ...--,-

14 Har. 1972

These results of the meaurements do not differ by more than 3 dD ad -there Is reasonably good cor-
relation.

The path lose is about 27 dl greater than the free space path lose at antenna heights between 10 to
30 feat.

60 -f..

-- FREE SPACE LOSS

go _

It

2120

, 920 __ _ _ _ _ _ _ _

ISO

130

t 0 to 0 40

Antenna Height (ff above rOund)

Figure 29. Propagation Path Loss (Site 9 to Hexagon, frequency 229.5 lis,Antenna AT-197)
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so

go = FREE SPACE LOSS

100

~, 110 -_ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ - .~ 3-10-72

a -, 4% ~2-14-72 ______

06 120

140

140. -

020 40 60 80 100

-Antenna Height (f t above ground)

Figure 30. Propagation Path Love (Site 19B to liaxagon, Frequency 229.5 Mcz,
Antenna T-29 (Horizontal))
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90 ~- REE SPACE LOSS_____ ___ _________

100

3-10-72

0

C. 120_______

130____ _

140

150,
0 20 40 60 so 100

Antenna Height (ft above ground)

Figure 31. Propagation Path Lose (Site 19B to exagon, Frequency 229.5 MO~z,
Antenna T29 (Vertical))
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so 
-

s0 FREE SPACE LOSS______

100 - ______

SHOO0 3101 (Circul~ar)

~ 110 / T-29 C~ertical)

0

0

140

1501

0 20 40 60 s 0

Antenna Height (ft above ground)

Figure 32. Propagation Path Lose (Site 19B to Hexagon, Frequency 229.5 MO~z
Antenna) (See Graph, Figure 3)
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b. 371.4 tEi CoaimoAnU Plot$ imrss 33 throu-- 411l

() Path AZL _A No. 5 to I be -on.

Oper. Iraq. 371.4 Ma Ant. Type - AT-197

Oct. 1971 - Leaves still on tress,27 Jan. 1972 -..... Dy 8romnd no lexmy on tres, treatore moving about 600 foot in front
of transmitting atena.25 Jan. 1972 --- -- 2-1/2 inche of @no on ground with light Scow falling - wind 1 to 2 4
iwots gusting to 4 - transmitting antenna had a li 4ht coat of ice
o tractor acti-titt.

* At this 0te, the trasmittea is byaond the line or eight end at a distance of 7.6 miles from theBanan. The saximas data spread of 5 dl occurs at an antenna height of 40 'feet. At 60 !eet an-tenna height, the data spread is 4 de.

The above data spreads are not considered excessive.

00
go

100

-- FREE SPACE LOSS

10

an

0

0 t0 40 go so 100

Antenna Height (ft above ground)

Figure 33. Propagation Path Loss (Site 5 to Hlexagon. Froquenc 371.4 Hz., &itenna AT-19?)
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* ~~(11. loth. V~sAde 31e No. 9 to mi(Usou-16 lee.

Oper. Freq. 371.4 Maz At. 1Tpe: AT-197

See description of lste No. 9 for details.- Beyond line-of-ight and blocked by pine trees and trees
w ithout, lezveo.

9 Nqov. 71 -

18 Feb. 72 -
14 Mar. 72 - Rain land glot on this day.

on 18 February and 14 March, between 17 and 32 feet of antenna halght the difference in path loee doe"

not differ by more than 2 dB. At 32 feet, the difterec is 3 6B. Below 17 feet, this difference in-
creases to ao such s 9 dD at 10 fest of antenna height. At 30-feet antenna height, the path loe to
about 23 dI balv the free space lose.

so

90 • •

FREE SPACE LOSS

1-

130

140

0 10 20 s0 40

Antenna Haight (ft above, grond)

Figure 34. PropaStlion Path Loom (site 9 to Heexon, Frequency 371.4 Ms, Antenna AT-197)
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( ~ ~ ~ ~~g K ~ymd ± o. 19 to WCM -acs - 1.66 ulee.

Oper. Ireq. 371.4 Mei Ant. Typa AT-197

15 Nov. 1971 - On the vera, thee data
16 Nov. 1971 - subject to roatr path los

19 Nov. 1971 - at heaihta of 20 to 30 fest.

7 Feb. 1972 - -....- e data more aalf-coaelatent
Q .ar. 1972 .- - - at all heighte from 10 to 32 feet.

10 Har. 1972 -

Within range of heighta frma 7 to 33 feet, the data indicated a path loa variation of 22 dB. For
the 7 February and 10 March data, the path loom variation wae reduced to 16 do.

-

90

•----FREE SPACE LOSS

100

1 0 1

130

140

1501 0O20 3 0 40

Antenna Meight (ft above ground)

Figure 35. Prop,. :atin Path Loss (Site 19 to Hexagon, Frequency 371.4 MHz, Antenna AI-197)

45



0) JAM SOMA AMI b;. 191 t2 InCS KezasOn.

OPer. Frwq. 371.4 Msu

Three additional plot@ are included to provide data for the Composite plot for comparing the perform-
anee when sipnals are tranoxitted in horizontal, vertical, and circular polariation sodes.

so

90

FREE SPACE LOSS

I100

110 2-14-72
0

0. 120

130

140

150- -o0 0 oo6o 00

Antenna Heiglht (f t above ground)

Figure 36. Fropalation Path Loss (Site 193 to Heagon. Frequency 371.4 Miz. Antenna T-29 (Horizontal))
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so i

90 -

FREE SPACE LOSS

100

-14-72

110. 10- 72

M. 120

130 % f

140

150
0 20 40 60 80 100

Antenna Height (ft above ground)

II

Figure 37. Propagaltion Path Lose (Site 19B to Hexagon, Ferequency 371.4 M Hz,
Antenna T-29 (Vertical))
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s0

90

FREE SPACE LOSS

100

3-10-72

:~ 'ia

130 1
140

500 20 40 60 80 100

Antenna Height (ft above ground)

rigure 38. Propagation Path Lore (Site 19H to Hexagon, Frequency 371.4 MHz
Antenna EMCO 3101 (Circular))
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(31 Path,"Ilde Slta No. 191 to the Rseaftn - 1.86 miles.

Oper. Freq. 371,4 Mes Ant. Type - See Graph

At this frequency, the circularly polarized 20 Model 3102 log spiral antenna was compared with the
linearly polarized T-29 lo periodic antenna in both horlsontal and vertical polariseitons. On this
path, the path loss was leas by 2 to 12 dD at all transmltting esnenn heights from 3 to 62 feet
using the circularly polarized antenna as compared to the T-29 An either polariaticn. Between 20
ad 62 feet, the depolarlsation effect in horizontal polariation causes 0 to 8 dB greater loss than
in the vertically polarised case. In either case, the received signal is lass than vhen a ci-cularly
polarized antenna is used. This inidicates the possible advantage of mployIng circular polarization
over tree covered terrain.

9c

10 -- FREE SPACE LOSS

100 DZW0"3102 (Circular)

,0 T-29 (Vertical)

10 
T-29 (Ho' sontal)

130

140

o

020 40 I0 o0 100

Antenna Height ft above ground)

Figure 39. Propagation Path Lose (Site 19B to HeAgson, Frequency 371.4 t hzAnt-anna (See Graph),
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(6) Path: Wayside Site No. 193 to BOOK ftgMp.

Oper. Feaqi 371.4 W1: Ant Types AT-197 - Omni-directional. Vertically Polarized

Although not Included with the couposite comparison of the effects of transmitting circularly, verti-
cally or horiontally Polarised signals on the vertically polarized receiving antenna, the Copera- *
tive effect on path lose with the AT-197 Is Included in ths diecusuion of the teat data for 9 Fob-
ruary and 10 March 1972.

Ac the height was changed from 4 to 63 feet, the path lose ueauroments for these two dates diffared
at heights greater than 20 feat by 2 to 1. 43. The maxiam difference of 7 43 occurred at a height
of 14 feet.

The rtnge of path lose ie between 11 and 33 dZ greater than the free apace Oath loss. This range of
values is nearly the emma "vith the use of the T-29 in vertical polaribation for the eam. operating
conditions at the same transmitting to receiving transmission path.

80

FREE SPACE LOSS

100 ........

-3-10-72

0002-9-7 2Ito 4
_j

C. 120 I

130

140

0 5 0 40 60 so 100

Antenna Neight (ft above ground)

Figure 40. Propagation Path Loss (Site 19D to Hexagon, Frequency 371.4 MO~z, Antenna AT-197)
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, .. ., .- . .. : I,

(7) S meIluldp ,ite 50, 21 to a_

See Fteque=ies On Graph. Antenn& Type AT-197 Discone

This path in within line of sight, 8.1 miles to Rezagon.

Object@ in vicinity of the transmitting entennas

Pover line is in front about 50 feet a. awaa
100-oot steel ower 33 feet asy is to left and partilly behn bte nte .Stom fence nd bulding to oaat*6 dj aent to tO0-foot stel oer .

both meaurtements made 1 Fesbruary 1972.

- 229.5 MHe
----------. - 371.4 Me =

The $round in damlp from malting snow.

Path lose variations ae possbl~y subject to the infuence of nerby objects.

so

FREE SPACE LOSS229.5 MHZ

100 1'

S FREE sptcs LOSS

371.4 MHZ

k120

130 I

140

150 ' 40 10 20 . 40

Antenna Height (ft bovi Iround)

figure 41. Propagation Path Lose (Site 21 to Hexagon, Frequency N/A,Antenna AT-197) 1 February 1972
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C. j.345-ta Commniaon 1lote (LUnres 2 tbra&Wf

(1) Path ARL MtCA Site 1o-. ) toU RCWegalon.

Oper. ?raq. 1,545 Mf Ant. Type - ARL Horn

13 Oct. 71 -
19 Oct. 71 - C_..

24 Jan. 72 - -- Tractors operating in line of eight about 600 feet away.
25 Jan. 72 - - - Lght rain failing.
26 Jan. 72 . ......... Wind from 5 knots gusting to 20 knots.
27 Jan. 72 - $ *........ Kquipast working :z area.
ZS Jan. 72 -- ------- Sam, on ground, no anow failing, wind 1 to 2 knots.

There is a self consistency In these plots mnept for miall deviationa. Data spread varies fro
3 d i ut 60-foot altitude to about 6 dB at 38-foot altitude.

0

0

310

.000

Antenna Height (fI t bove ground)

1-igure 4z. Propagation Path Loss (site 5 to HexAgon, Frequency 1,510 302, Antenna -AZL Horn)
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(2) PSAtb'gAYIrs lice go. 9 to V=O RgMM - -1.61 Mk..

Oper. Freq. 1,545 MHz Ant. Type AUL Born

Bee Description ot Site no. 9 for details. icyon line-f-sight end blocked by trees without leaVesexcept for pines.

9 NOV. 1971 -

17 Feb. 1972 - These thme get@ of measurmusest are
18 Feb. 1972 ---- i.elf-conaicent.t14 Her. 1973 g ain and #leat on 14 Narth.

The three sets of ,.easremm~o taken in 1972 correlate reasonaly weil.

Differences are at most 3 dD.

Path lose is approxIastely 29 43 greater then free spice loe at an antenna height of 30 feet end the
loae Lncreaaes by abouat 17 dD as the antenna is lowered to 7 feet.*

so

90

100

FREE SPACE LOSS

110

00

120

IcI

150

Antenna Height (ft above grounmd)

figure 43. Propagation Path Lose (Site 9 to Hexagon, Frequency 1,545 MO~z, Antenna -AEL Horn)
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%M Ayi* %t* go N 9 to MWQ fjtM@Wu 1.61 Mises.

oper. Freq. 1.545 Me Ant. Types Avdrewa Discom

see description of site 9 for details. Beyond line-of-eight aud blocked by tree without leaves m-
capt for pines.

17 leb. 72 -

14 Mar. 72 - _______

The three test results correlate reasonably well.' Differm=@e are no sre than 3 dD.

The path -lose is about 27 dl greater than the free ampace path loss at-50-foot antenna height. Ad-
dional path lIn" of about 12 45 eacure s the athana height i reduced to 4eoc 10 feet.

100 _ _ _ _ _ _

FREE SPACE LOSS

Ito

0

150'

0 5 0 20 30 40

Antonne Heighf (ft above fround)

Figure 4.4. Pro.pagation Path Lose (site 9 to Hexagon, requencY 1,545 MhR, AntennaS- Andrewa Disconae)
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(4)Pth VaMM-lift . , to Am~ms r..U, ilea

Opar. 1rq .543 Me Ant. Types Andrew. Dscos.

The propagation ands vertical polatisiation tfamit to vertical polarization receive. The data Is
recorded fori

19 NOVO. 1911 - ____

7 feb. 1972 -.. ~ - Data recorded on these 3 days more
8 Feb. 1972 - - - -- elf-cossatnt

13 Mar. 172 ----

The transmitter antenna height wass varied from 10 to 32 feet. There aru no known factors which can
be used to mplain why on 19 Uuev 1971, tMrs was a-sIgnfieat reductips In path lose In the
12- to 21-foot antenna height rangy

The latter three runs differ over moet of the height range by 2 to 4 da. Above 30 feet high, the7 February data dn"e not retain consistency with the 8 February and 13 March data. In general, the
last three data runs are not too dependent on antenna height. This differs with other data runs at
1 .545 WSa which are such more dependent on trasmmitter antenna height. in general, the path loss
Over these heights is sbout 30 43 greater then fres space path loss.

90

100 ______________

FREE SPACE LOSS

S110

.CI

0

1301

140

0 10 20 so 40V

Antonnoa Height Mf above ground)

Figure 43. Propagation Path Lose (Site 19 to Hazagon, Frequency 1,545 M04z, Antenna - Andrew@ Discone)
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PAW Pe thi aupA g Si s go, 1 9 to I nn S.51 i le .

)pe. Iaq.1,545 MR% Ant. Types AIL Rorn

The antenna height was varied fros 7 to 30 feet. Although the 15 November 1971 data (green) and the
8 Pabiaary 1972 data (purple) were taken nearly three mouths apart, path louses with antenna heights
betwen 7 and 25 feet are camparable. Boveve!, betwen 25 end 30 feet. the difference In path losa.
is as much a 9 dL6 Although the leaves wer* vainly dead, there was a fair amount of leaf cover in
November and none in february.

The 13 March 1972 data (red) were taker. on a sleety, reay day with very wet groand. The vat trees
In the foreground say have added to the absorption lose and effectively Increased the path lose.

In general, then path lons was about 30 d1 greater thans tbe free space loes.. 4

so________________ ________________

90

FREE SPACE LOSS

Ito

.C

0

-0 '3-13-72
140

~ - U-5-71

10 10 20 s0 40

Antenna HeIghtt (ft above 9nwud)

Pigura 46. Propagation Path Loss (Site 19 to Hexagon, frequency 1,545 Ms, Antena - AIL Rorn)
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(6) Path: uIAilands Site no. 21 to WM~ 9Mom.

Oper. Preq. 1,343 Ms8 Ant. 2"se - Ua Graph

Site 4.scriptiont I"e ambparegrapbb (7) above..-

31 Jan. 72 --------------- All, Bern
31 Jan. 72 - ______ Andreve Discon. - 1-1/2 Inches of smow on ground and mlting
1 Feb. 72 -.-- AlL Urn

Data spread does not sxad 2 43.

Path lose naar more than 6 dS below free space path laos.

S110

10 FREE SPACE LOSS

130

140

150 s -4

0 90 20304

Antena Height Mf above ground)

9 Figure 47. Propagation Path Lose (Site 21 to Hexagon, Frequency 1,545 M13, Antenna (Se Graph)

57



Thre addittional plot# are included to provide data for the cowlpOte plot for € olatIcL48the perform-
ance when esigaLsi are transiitted In horiontal, vertical. add altau~l Polarization Sodas.

A :

, 0,

r

Fprigrq 48 rpgto ahLs St 9 oHzoFeuny1,545 Mz Anena1 Hr
ance shea li ontataaitdi brsnavrial o iel)poai~iumd

so _-_38

P --- REE SPACE LOSS

o

130 , " 3;-13-72 .____

1401

• "40 40" 80I 100;

'I!

Ftgure 48. Pr°pagatt'nHolonsPath Lose (Sit~e L93B tr liaon, Prequency 1.55 1 1:, Antenna - ALL Horni
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90

100

-*FREE SPACE LOSS

~ 110 _____ 2-8-72

-j 2-9-72

0
I. 120
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9. CoMNTS ON THE TEST RESULTS

The path loa tests were conducted in the vicinity of the Hexagon Build- Al
ing, Fort Hcnmouth, and within a radius of less than 10 miles from it. Props-
gation paths varied from line of sight to completely out of line of sight,
through tree and brush. The maximum losses at 1,545 MHz were approximately
150 dB, and it was possible to receive the signal from all sites. At 229.5
and 371.4 MHz, the maximum losses were close to 135 dZ under the sie, condi-
t ions.

The test included experiments with vertically polarized, horizontally
polarized, and circularly polarized antennas. The results indicated that there
is some signal depolarization, probably due to the obstructions in the cignal "
p ath.

The free space loss for any path length can be calculated from the ex-
pression - Loss - 36.18 + 20 loglod + 20 o11 0f, where d is in statute miles
and f in MHz. To de mine the path loss which is due to physical factors in
the path other than i.se space loan, the free space lose is jubtracted from
the total loss. This was done for all tests covered in thts report and the re-
sults plotted in Pigures 5., 53, and 54 for 1,545, 371.4, and 229.5 Ms respect-
ively. These plots show the ran&e of pith losses, in addition to the free
space path losses, which we observed, as a function of antenna height, ile-
pendent of distance between the transmitter and receiver, but within our less
than 10-mnile radius test area. The plots contain areas which are striped,
crosshatched, and solid. The solid areas are the results of data obtained
where the-e was definitely clear line of sight between the tranmitting and
receiving antennas. The striped areas are based on data obtained from paths
where there was definitely no line of sight. The crosshatched aeas are based
upon results where there was marginal line of sight. Obviously, although the
plot shows a clear border between these areas, these borders are only approxi-
mate and cannot be that sharply defined. These plots, however, do show the
maximum losses that we experienced in our area in addition to the free space
loss. With them, one can estimate th. antenua height required for a system
of known gains, transmitter power, and receiver sensitivity, or conversely the
required transmitter po-iar if the other parameters are fixed.
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